Coronary artery anomalies have been reported in Bulldogs and present an increased risk when performing balloon valvuloplasty. Identification of coronary anomalies has been reported using multidetector-row computed tomographic (MDCT) angiography with electrocardiographic gating. However, the utility of non-electrocardiographic-gated 16-row computed tomographic for MDCT for the identification of coronary artery anatomy or anomalies to the authors' knowledge has not been fully investigated. The purpose of this study was to evaluate the feasibility of non-electrocardiographic-gated computed tomographic (CT) angiography to identify coronary anomalies in Bulldogs with pulmonary valve stenosis. In this prospective, observational study, Bulldogs with echocardiographically diagnosed pulmonary valve stenosis, an echocardiographically derived transpulmonic pressure gradient >70 mm Hg, and a clinician recommendation for balloon valvuloplasty were included. Anesthetized dogs underwent a 16-row MDCT non-electrocardiographic-gated CT angiography. A board-certified veterinary radiologist and board-certified veterinary cardiologist reviewed the CT angiography studies and identified the coronary artery anatomy. When normal coronary artery anatomy was detected on CT angiography, a right ventricular outflow tract fluoroscopic angiogram was performed and evaluated during levophase to confirm normal coronary anatomy prior to balloon valvuloplasty. Dogs with coronary anomalies noted on CT angiography were recovered from anesthesia and balloon valvuloplasty was not performed. All dogs (10/10; 100%) had interpretable images from the non-electrocardiographic-gated CT angiography. Coronary anomalies were identified in six dogs based on non-electrocardiographic-gated CT angiography, five with type R2A anomaly and one had a single left coronary ostium. Four dogs had normal coronary anatomy based on nonelectrocardiographic-gated CT angiography. Balloon valvuloplasty was performed without incident in these four dogs. We conclude that non-electrocardiographic-gated CT angiography represents a noninvasive method for diagnosing coronary anomalies in Bulldogs with pulmonary valve stenosis.
INTRODUCTION
Pulmonary valve stenosis is one of the most common congenital defects in dogs. 1 Bulldogs are overrepresented in this population. 2 Balloon valvuloplasty is the treatment of choice for dogs with severe pulmonary valve stenosis. 3, 4 Bulldogs have been reported to have an increased incidence of coronary anomalies, specifically a single right ostium with an anomalous prepulmonic left coronary branch called a type R2A anomaly. 5, 6 The presence of a type R2A anomaly increases a dog's risk of sudden death during balloon valvuloplasty and is considered a contraindication for standard balloon valvuloplasty. 4, 7 Coronary anomalies with a single coronary ostium, other than the R2A type, have been also reported in Bulldogs, Boxer dogs, and other breeds. [8] [9] [10] Aortic root angiography has been recommended prior to 38 c 2018 American College of Veterinary Radiology Vet Radiol Ultrasound. 2019;60:38-46. wileyonlinelibrary.com/journal/vru balloon valvuloplasty to identify coronary artery anatomy and assess for the presence of a coronary anomaly. 2, 7 However, this procedure requires arterial access, and is often performed via a cut-down procedure of the carotid or femoral artery. This necessitates an additional vascular access point that can be time consuming and can increase the risk of complications such as hemorrhage or Horner's Syndrome. 6 Computed tomographic angiography is a quick and minimally invasive alternative to standard angiography. Use of 64-row MDCT unit for electrocardiographic-gated CT angiography has been shown to accurately identify normal coronary arteries in dogs. 11, 12 Recently, electrocardiographic-gated CT angiography helped identify a single left coronary anomaly in a Bulldog with pulmonary valve stenosis. 13 An electrocardiographic-gated technique links image acquisition to the specific phase of the cardiac cycle. 14 When acquired in diastole, this results in improved cardiac image quality. 11 However, electrocardiographic-gating is not widely available in veterinary practice. 15 Imaging the cardiac structures with CT angiography, but without electrocardiographic gating, is often challenging due to motion artifact. Although no peer reviewed data exists, a published thesis revealed a significant decrease in the percent motion demonstrated between electrocardiographic-gated and non-gated studies, respectively. 12 This investigation however also noted that with multiple sequential scans (ideally five) imaging of all cardiac structures was possible. A recent study found that echocardiographic and nonelectrocardiographic-gated CT angiography measurements of the aortic valve annulus were moderately correlated and correlated better than all other measured parameters. This was thought to be due to decreased motion of the aorta during systole and diastole, relative to the other cardiac structures. 15 The decreased motion of the aorta may also mean that the coronary ostia that arise from the aorta exhibit decreased motion throughout the cardiac cycle.
Given the frequency of coronary artery anomalies in Bulldogs with pulmonary valve stenosis, the aforementioned disadvantages of aortic root angiograms, and the increased accessibility of 16-row MDCT non-electrocardiographic-gated CT angiography compared to electrocardiographic-gated CT angiography in veterinary medicine, we aimed to evaluate its use in diagnosing coronary artery anomalies in this breed. Our hypothesis was that non-electrocardiographic-gated CT angiography would provide adequate visualization of the origin of coronary arteries to distinguish between normal and anomalous coronary artery anatomy in Bulldogs with pulmonary valve stenosis. evidence of pulmonary valve stenosis as described by Bussadori, 16 an echocardiographically derived transpulmonic pressure gradient ( Figure 1 ) greater than 70 mm Hg, and a clinician recommendation for balloon valvuloplasty were included. Dogs whose owners declined CT angiography were excluded.
METHODS

Selection and description of subjects
Data recording and analysis
A transthoracic echocardiogram including B-mode and continuouswave Doppler modalities was performed with the dog 16 recorded and was defined as contrast filling between the aorta and the origin of a coronary artery. Mild blur and motion artifacts were considered acceptable, however if a major artifact obscured this area, the scan was considered to be nondiagnostic. Each scan was evaluated for the presence of ostia, however the entire study (multiple scans) were used to confirm normal (two ostia) or anomalous (one ostia) anatomy.
Consensus among all investigators was required before proceeding.
If only one coronary ostium was identified, further characterization of the coronary artery anomaly was attempted and recorded; these dogs were then recovered from anesthesia. If two coronary ostia were noted, the dog proceeded to the catheterization laboratory for a fluo- confirmed, a pulmonary balloon valvuloplasty was performed as previously described. 19 All dogs were then recovered from anesthesia and discharged the following day.
Each dog's effective radiation dose was approximated by multiplying the dose-length product in mGy-cm, which is reported by the CT scanner at the end of each examination by a constant (k) equal to 0.017, using the formula: Effective dose = k × dose-length product. 20 All medical records, echocardiographic, CT, and angiographic data was compiled by one observer (C. 
Statistics
Statistical software was used for calculations and analysis (Prism 6.0, Graph Pad Software, La Jolla, CA). Statistical analysis was performed by one investigator (J.A.S.) with advanced training in research methods and statistics. Data were assessed for normality both visually and with a D'Agostino and Pearson omnibus normality test. All normally distributed data are reported as mean ± standard deviation and nonparametric data are reported as median (range). Correlation was investigated using a Spearman test for non-parametric data. A P-value of <0.05 was considered to be significant.
RESULTS
Ten bulldogs were enrolled, six males and four females. Median age was During the studies, the calculated effective dose ranged from 12.68 to 54.00 mSv. The dogs that underwent four or less sequential scans through the heart had an effective dose ranging between 12.68 and 25.00 mSv.
DISCUSSION
Non-electrocardiographic-gated 16-row MDCT angiography effec- Note. For each possible scan per study (columns 1 through 6) the number of dogs that underwent each scan is shown. The number of dogs with visible coronary artery ostia during that scan, visible coronary ostia during that scan or any prior scan, and the mean ± standard deviation (range) of time for each scan postcontrast is reported. CTA, computed tomographic angiography; CA, coronary artery. anesthesia time for the dog as well as decreased morbidity, which can be associated with carotid artery access. 6 Second, CT angiography offers a simultaneous multiplane assessment and the ability to create maximum intensity projections, which may improve conspicuity of a coronary anomaly. 18 A multiplane image is possible with angiography, however it often requires multiple contrast injections, specialized equipment, and cannot be performed simultaneously. 10 The calculated effective dose reported in this study is similar to those with retrospective electrocardiographic-gated CT coronary angiography in humans, which reports 20 ± 3 mSv. 20 Bulldogs enrolled, the clinicians involved in this study believed that the risks outlined above outweighed the benefit of this procedure. 6 In the dogs with normal coronary anatomy, a levophase right-ventricular angiogram, while dilute offered an additional assessment of coronary anatomy without arterial vascular access by a cut-down approach.
TA B L E 2 Summary of coronary artery data from 10 Bulldogs enrolled
Previous studies have reported that electrocardiographic-gated CT angiography could provide excellent anatomic assessment of normal and abnormal coronary arteries. 11, 13 While not of the same quality as previous electrocardiographic-gated images, the nonelectrocardiographic-gated CT angiography images gathered in this study were of diagnostic quality to make an anatomic determination of the coronary ostia. Therefore, the risk of further anesthesia time and an arterial cut-down required to performed an aortic root angiogram would not have been in the Bulldogs' best interest. Since all Bulldogs in this study are alive at time of writing (December 2017), long-term follow-up with postmortem assessment to confirm coronary anatomy is considered an area of future study. In addition, a standardized anesthetic protocol was not used thus variations in aortic flow could have altered coronary artery imaging. However, previous publications evaluating coronary anatomy during CT angiography and aortic flow based on cardiac magnetic resonance imaging, found no significant difference between the two anesthetic protocols that were studied. 21, 22 Heart rate modulation to 60 bpm or less has been shown in human medicine to improve coronary perfusion during CT angiography. 23 No attempt was made to modulate or standardized heart rate of the dogs during CT angiography, which may have improved coronary filling and thereby postcontrast image quality. A previous study, however, showed that administration of an intravenous beta-blocker did not have a significant effect on modulating heart rate. 11 In conclusion, findings from this preliminary study indicated that 16-row CT non-electrocardiographic-gated angiography is a feasible method of coronary artery assessment prior to balloon valvuloplasty for Bulldogs with moderate to severe pulmonary valve stenosis. This methodology may avoid the complications of aortic root angiography and be more readily accessible than electrocardiographic-gated CT angiography. A future investigation could evaluate the use of either a pharmacologic modulation of heart rate during nonelectrocardiographic-gated CT angiography to improve image quality.
All Bulldogs in this study were placed under general anesthesia, however investigation into coronary artery assessment during a sedated CT angiography would make this technique even more accessible.
Additionally, multiple scans were used in this study, which despite collimation does increase the dog's radiation dose. Further investigation into scans implementing bolus tracking may reduce this dose and improve animal safety. 
LIST OF AUTHORS CONTRIBUTIONS
